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Measurements of the spectral distributions of a 

xenon, mercury-xenon, and carbon arc have been accomplished. 

The carbon arc and xenon arc have spectral distributbns most 

similar to air mass zero solar irradiance. The absorptivities 

of gold, silver, and aluminum have been calculated using the 

measured spectral distributions. 

from the solar absorptivities of these materials vary from 

The per cent variations 

-3% to +26% for the xenon arc; 

arc; and, -8% to +77% for the mercury-xenon arc. 

-26% to +ll% for the carbon 



Introduction 

The Solar Simulation Group of the Thermal Systems 

Branch has developed and calibrated an instrumentation for 

measuring the spectral characteristics of any light source. 

The calibration of the instrument was accomplished by using 

a strip-filament tungsten lamp calibrated by the National 

Bureau of Standards. The uncertainty of the calibration 

of this lamp varies from 3 per cent in the infra-red to 

8 per cent in the ultraviolet(’). This instrumentation 

uses a Leiss double monochromator as the dispersing element 

and has been previously described(2). The instrumentation 

and techniques of data acquisition have been developed to 

a point which allows repeatability of results to 1 per cent 

or less on measurements of light sources comparable to the 

standard lamp. The instrumentation has been used to cali- 

brate one N.B.S. standard lamp in terms of an0therN.B.S. 

standard lamp. The results obtained were in agreement to I 

the N.B.S values within 1%. 

In measurements of the spectral distributions of 

campact arc sources and carbon arcs, complications are 

encountered which are not present in tungsten strip filament 

lamps. The complications are: the non-uniformity of the 

source, the instability of the source, and the extremely 



high s p e c t r a l  r ad iances  of t h e  source. The micro b r i g h t n e s s  

contours  of a xenon (3) and mercury-xenon (4) source vary  by a 

f a c t o r  of 3 t o  4 between t h e  cathode of t h e  lamp and a p o i n t  1 .0  

mm. removed from the  cathode toward t h e  anode. The s t a b i l i t y  of 

these  micro b r igh tness  contours  i n  t i m e  has been s t u d i e d  q u a l i -  

t a t i v e l y ,  and v a r i a t i o n s  are evident  which w i l l  produce s i g n i -  

f i c a n t  errors i f  t h e  p o s i t i o n  of t h e  arc focused on t h e  en t r ance  

slit  of t h e  monochromator is not he ld  t o  t o l e r a n c e s  of 1/10 mm. 

or less. To accomplish t h i s  r e p o s i t i o n i n g  of t h e  in s t rumen ta t ion  

repea ted ly  is very d i f f i c u l t ,  i f  not  impossible.  The s p e c t r a l  

r ad iances  produced by these  .Camps are as  much as 6 o r d e r s  of 

magnitude g r e a t e r  than  the s p e c t r a l  r ad iances  produced by t h e  

s tandard  lamp. Th i s  in t roduces  l a r g e  s c a l i n g  f a c t o r s  which 

can become a source  of uncer ta in ty .  

A l l  t h e  preceding d iscuss ion  r e l a t e d  t o  a b s o l u t e  s p e c t r a l  

rad iance  measurements. I f  t h e  primary i n t e r e s t  i n  a source is 

the  s p e c t r a l  d i s t r i b u t i o n  only,  then  a r e l a t i v e  s p e c t r a l  energy 

de termina t ion  w i l l  s u f f i c e .  Rela t ive  energy de termina t ions  are not  

as  s t r o n g l y  dependent upon v a r i a t i o n  i n  arc characterist ics because 

the  source  can be focused a t  a convenient pos i tdon  i n  t h e  o p t i c a l  

t r a i n  which does not  have t o  be the  en t rance  s l i t  of t h e  mono- 

chromator. Th i s  minimizes the arc f l u c t u a t i o n s  desc r ibed  above. 

A l s o ,  t h e  extreme d i f f e r e n c e s  i n  s p e c t r a l  r ad iances  between 

the  s t anda rd  and t h e  unknown source can be reduced by 

neutral filters whose transmission characteristics do 
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not have t o  be known. 

The c o l l e c t i o n  of energy i n c i d e n t  t o  t h e  en t r ance  

slit  of t h e  monochromator can a l s o  be va r i ed  by a n  a p e r a t u r e  

which changes t h e  e f f e c t i v e  f / n o  of t h e  en t r ance  o p t i c s .  I n  

t h i s  manner, s cans  of ind iv idua l  s p e c t r a l  r e g i o n s  can be 

accomplished and then normalized t o  y i e l d  a complete s p e c t r a l  

d i s t r i b u t i o n  curve.  

Experimental Procedure 

Two methods of i l l umina t ion  of t h e  en t r ance  slit of 

the  monochromator have been used. These are diagrammed i n  

F igure  1. In  Method A, r a d i a t i o n  from t h e  lamp is introduced 

onto  a block of magnesium oxide by means of a f ront -sur faced  

aluminum mirror. The MgO block i s  then  focused onto t h e  

en t r ance  slit of the  monochromator by means of a s p h e r i c a l  

mirror and t u r n i n g  f l a t .  Correc t ions  fo r  t he  r e f l e c t i v i t y  

of MgO and the o ther  o p t i c a l  elements have been made i n  t h e  

data presented .  I n  method B, r a d i a t i o n  f r o m  the  lamp is 

focused a t  a p o i n t  about n ine  inches  ahead of t h e  en t r ance  

slit i n  t h e  o p t i c a l  t r a i n .  T h i s  is accomplished by t h e  

I o p t i c a l  components shown. T h i s  allows d ivergent  i l l u m i n a t i o n  
I 

t o  be i n c i d e n t  upon t h e  slit of t h e  monochromator. T h i s  

means t h a t  t h e  r a d i a t i o n  has  a d i f f e r e n t  o p t i c a l  p a t h  

1 
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through t h e  instrument  than i t  does when an image is 

formed a t  t h e  slit. Th i s  a l s o  means t h a t  a d i f f e r e n t  

area of t h e  detector w i l l  be i l lumina ted  than  t h a t  when 

t h e  c a l i b r a t i o n  was performed. T h i s  i n t roduces  no e r rors  

which are wave length  s e l e c t i v e  according t o  a r e c e n t  
(5) paper  . 
The d e t e c t o r s  used i n  ob ta in ing  t h i s  d a t a  were: (1) 

lP-28 pho tomul t ip l i e r ,  (2) 9592B pho tomul t ip l i e r ,  (3) 7102 

pho tomul t ip l i e r ,  and (4) l ead  s u l f i d e  cel l .  The bandwidth 

of r a d i a t i o n  passed by t h e  instrument v a r i e d  from 5A i n  

t he  u l t r a v i o l e t  t o  250A i n  the in f r a - r ed .  

The d a t a  is  recorded on a s t r i p - c h a r t  recorder  a t  

p re sen t  and about 500 p o i n t s  between.250 nm and 2500 nm are 

reduced. Th i s  is a very slow and t ed ious  procedure and a 

procurement r eques t  has  been i n i t i a t e d  t o  provide a d i g i t a l  

ou tput  from t h e  L e i s s  which can be processed by  a computer. 

A program has  been w r i t t e n  t o  p rocess  t h e  d a t a  and compute 

s p e c t r a l  rad iances ;  and, a b s o r p t i v i t i e s  of s e l e c t e d  materials 

based on t h e  s p e c t r a l  d i s t r i b u t i o n  measured. 
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i 
I S p e c t r a l  D i s t r i b u t i o n  Measurements 

I S p e c t r a l  measurements have been obta ined  f o r  a n  

O s r a m  XBO 1600 w a t t  xenon lamp, a n  Hanovia 929B1 2500 

w a t t  mercury-xenon lamp, and a Genarco ME4 CWM carbon I -  t a r c .  

I Figure  2 shows the  s p e c t r a l  d i s t r i b u t i o n  obta ined  
I 

from t h e  O s r a m  lamp operated at  2500 watts u s i n g  Method A 

of i l l u m i n a t i o n  shown i n  Figure 1 and described above. 

Figure 3 shows t h e  s p e c t r a l  d i s t r i b u t i o n  of t h e  same 

lamp opera ted  a t  t h e  same wattage but  us ing  Method B of 

i l l u m i n a t i o n  as described above. 

F igu res  4 and 5 show t h e  s p e c t r a l  d i s t r i b u t i o n  obtained 

from t h e  Hanovia lamp operated a t  2500 watts. The method 

of i l l umina t ion  used w a s  A and B r e s p e c t i v e l y .  

Figure 6 shows t h e  s p e c t r a l  d i s t r i b u t i o n  of t h e  Genarco 

carbon arc opera ted  a t  185 amperes. The method of i l l u m i n a t i o n  

used w a s  B. Carbons used were Lorra ine  Orlux. 

Figure 7 is a p l o t  of Johnson's data (6) p l o t t e d  i n  a 

s i m i l a r  manner as t h e  data above. 

F igu res  8 ,  9 ,  and 10 a r e  p l o t s  af t he  above data 

p resen ted  i n  a d i f f e r e n t  manner. The p e r  cen t  of the  t o t a l  

energy pe r  10 nm bandwidth between 250 nm and 2500 nm is 

p l o t t e d  a g a i n s t  wavelength. Each of t h e  above measurements 

u s i n g  i l l u m i n a t i o n  method B is shown. A plot of Johnson 's  

data is shown on each curve for comparison purposes .  The 
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areas  under t h e  curves  are t h e  same fo r  each f i g u r e  f o r  both 

t h e  s o l a r  i r r a d i a n c e  and t h e  r e spec t ive  lamp. An inspec t ion  

of these three f i g u r e s  shows t h a t  the source most s i m i l a r  t o  

the  air-mass zero solar irradiance is t h e  carbon arc w i t h  

xenon next  and mercury-xenon las t .  The carbon arc is d e f i c i e n t  

i n  t h e  u l t r a v i o l e t  and p a r t  of t he  i n f r a r e d ;  t h e  xenon is 

d e f i c i e n t  i n  t h e  v i s i b l e  and i n f r a r e d  except  f o r  t he  s t r o n g  

excess  between 800 and 1000 nm; the mercury-xenon is d e f i c i e n t  

i n  t h e  v i s i b l e  except  for  t h e  s t r o n g  emission l i n e s  of mercury 

around 420 nm and 580 nm. If a f i l t e r  were manufacturedwhich 

would e l imina te  t h e  excess  energy of xenon betwen 800 nm and 

1000 nm, then  xenon would approach o r  s u r p a s s  the  carbon arc 

i n  s u i t a b i l i t y  of s p e c t r a l  c h a r a c t e r i s t i c s .  

The data presented  i n  F igures  8, 9,  and 10 have been 

used t o  c a l c u l a t e  the  a b s o r p t i v i t i e s  of gold,  aluminum, and 

s i l v e r .  The s p e c t r a l  band w i d t h s  used for  these c a l c u l a t i o n s  

were: 20 nm from 250 nm through 600 nm; 50 nm from 600 nm 

through 1000 nm; and 100 nm from 1000 nm through 2600 nm. 

The va lues  fo r  t h e  r e f l e c t i v i t i e s  of t h e  materials were 

obta ined  from the  American I n s t i t u t e  of Phys ic s  Handbook 

fo r  1957, Table 6K-4. The va lues  for  air-mass zero solar 

i r r a d i a n c e  are f r o m  Johnson (6) and were used t o  c a l c u l a t e  

t h e  solar a b s o r p t i v i t i e s .  
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T h e  r e s u l t s  of t h e s e  c a l c u l a t i o n s  are: 

Gold S i l v e r  Aluminum - Source 

S o l a r  19.2% 4.9% 7.9% 

Xenon 18.7% 6.2% 8.4% 

Hg-Xe 19.7% 8.7% 7.3% 

Carbon A r c  21.3% 3.6% 7.7% 

T h e  d e v i a t i o n s  of a b s o r p t i v i t y  of each material from t h e  

s o l a r  a b s o r p t i v i t y  is summarized below: 

Source Deviat ion from S o l a r  Absorp t iv i ty  
Gold S i l v e r  Aluminum 

Xenon -2.6% +26,3% +6.2% 

Hg-Xe +2.7% +77.1% -7.7% 

Carbon A r c  +ll% -26.5% -2.6% 

A s tudy  of t h i s  t a b l e  reveals t h a t  f o r  t h e s e  t h r e e  

m a t e r i a l s ,  t h e  carbon arc and xenon w i l l  y i e l d  about t h e  same 

a b s o l u t e  e r r o r s .  I t  alsoshows t h a t  Hg-Xe is q u i t e  s u i t a b l e  

if materials such as gold and aluminum are used. However, 

if s i l v e r  is used, a much larger e r r o r  w i l l  r e s u l t  w i t h  t h e  

mercury-xenon lamp. Th i s  p o i n t s  t o  t h e  r e s u l t  t h a t  f o r  thermal 

ba lance  s t u d i e s ,  t h e  materials used can be s t r o n g l y  a3 fec t ed  by 

t h e  s p e c t r a l  characteristics of t h e  s imula t ion .  So long as 

materials w i t h  uniform s p e c t r a l  a b s o r p t i v i t i e s  are used, t h e  

s p e c t r a l  c h a r a c t e r i s t i c s  of the  source are of minor importance 

but when a material has a atragchange in absorptivity with 

wavelength t h e  s p e c t r a l  d i s t r i b u t i o n  of t h e  s imula to r  becomes 
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q u i t e  important .  These va lues  of a b s o r p t i v i t i e s  are 

based on t h e  data shown i n  Figures  8 ,  9,  and 10 and are 

probably accu ra t e  t o  &lo% f o r  sources  of these types  i n  

genera l .  I t  should be restated t h a t  t h e  a b s o r p t i v i t i e s  

d i scussed  above relate only t o  the  source  and do not  take 

i n t o  account t he  effects of any o p t i c a l  s y s t e m  which w i l l  

be p r e s e n t  i n  a s imula tor .  The effect of adding an o p t i c a l  , 

s y s t e m  is, i n  genera l ,  t o  a t t e n u a t e  t h e  s h o r t e r  wavelengths 

more than  t h e  longer .  
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Appendix 

Opera t iona l  Experience wi th  Genarco Model ME4 CWM 

Automatic Reloading Carbon A r c  

A Genarco carbon arc wi th  an automatic  r e load ing  device 

has  been opera ted  f o r  approximately s i x t y  hours.  The r e l o a d i n g  

mechanism is e s s e n t i a l l y  a plunger which d r i v e s  a female carbon 

onto  a tapered  m a l e  carbon. The j o i n t  holds toge the r  by 

f r i c t i o n ,  both male and female having been machired t o  

f i t  very snugly. A disadvantage t o  t h i s  method is t h a t  

each carbon has  t o  be custom f i t t e d  i n  t h e  sequence s i n c e  no two 

are e x a c t l y  the  same. Another disadvantage is t h e  fact t h a t  

t h e  alignment necessary between t h e  carbons t o  be j o i n e d  is  

v e r y  c r i t i ca l .  In opera t ion ,  about  one of every three j o i n i n g s  

is no t  accomplished because of misalignment of t h e  two carbons.  

I n  some cases, t h e  j o i n i n g  can be accomplished manually without  

shutdown of t h e  arc and i n  some others f r a c t u r e  of t h e  female 

carbon r e s u l t s  which r e q u i r e s  shutdown of the  arc for  c o r r e c t i o n .  

There is no mechanism for  j o i n i n g  the  nega t ive  carbons,  the  

s o l u t i o n  f o r  long ope ra t ion  per iods  being t h e  use of long 

nega t ive  carbons of t he  order of fou r  feet  i n  length .  The 

s t a b i l i t y  of t h e  arc h a s  been measured u s i n g  an  Eppley normal 

inc idence  pyrhel iometer .  Var i a t ions  averaged about f i v e  p e r  

cant. When a joining of the carbons waa aoaomplisahad, ; 6 ~  aahort 

t e r m  excess  of about 15-25 per c e n t  w a s  noted which f e l l  back 

t o  t h e  normal l e v e l  w i t h i n  one o r  t w o  minutes. T h i s  is caused 
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by slippage of the,positive carbon in the feed mechanism 

due to the plunger action of the reloading mechanism. 

When a joint burns through, the variation is within the 

five per cent quoted above. 
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